Optical characterization of gold nanoplates
The UV-vis absorption spectroscopy (Figure S1a) shows that the nanoplates exhibit a strong broad absorption band at about 600 nm and a weak band centered at 750~800 nm, which are in agreement with the literature report. 1 The scattering spectrum was obtained from a triangle gold nanoplate, which was centered at 654 nm and attributed to the quadrupole plasmon mode. 2 Figure S1. (a) UV-vis absorption spectrum and (b) scattering spectrum of the synthesized gold nanoplates.
The surface morphology characterization after UV/ozone treatment
Hexadecyltrimethylammonium bromide (CTAB) surfactant, which greatly hinders the electrochemical activity of the nanoplates was removed before ECL imaging. Here we treated the surface of nanoplates with UV/ozone, which could efficiently remove the organic components. The surface morphology of gold nanoplates was characterized before and after UV/ozone. As shown in SEM images ( Figure S2 ), the pretreatment barely influenced the surface morphology. Figure S3 compares the bright-field microscopy images and the corresponding ECL images before and after UV/ozone treatment. As shown in panel b, no ECL signal was observed at the CTAB coated gold nanoplates, suggesting that the bulky stabilizing ligand blocked the electron transfer and prevented ECL signal. On the other hand, after removing CTAB from the surface of nanoplates, ECL produced at the gold nanoplates with high resolution, and the positions of ECL spots fitted perfectly with those from bright-field image (panels c and d). 
The influence of the CTAB ligands to the ECL imaging
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Calculation of the heterogeneous electron transfer rate constant at gold nanoplates
As ECL is a electrogenerated chemiluminescence due to electrochemical redox reactions at the surface of electrode, the ECL intensity should be positively correlated to the Faradaic current. 3, 4 To calculate the heterogeneous electron transfer rate constant k 0 at single gold nanoplates, we calibrated the ECL intensity and current density using microelectrodes with diameters from 12.5 m to 100.0 m. The current density (J) was calculated by J=I/A. Since the reactions of Ru(bpy) 3 2+ and TPrA at the surfaces of the microelectrodes are diffusion-controlled, A is the geometric area of the electrode. As shown in Figure S4 , the ECL intensity is proportional to current densityresulted from Ru(bpy) 3
2+
and TPrA ( Figure S4e ), and Ru(bpy) 3 2+ ( Figure S4f ) alone. Based on the linear fitted equation, the heterogeneous electron transfer rate constant on single gold nanoplates could be determined.
Since the oxidation and reduction of Ru (bpy) 3 2+/3+ redox pair is reversible, the current-potential characteristic could be described with Butler-Volmer (B-V) formalism. 5
Where F is Faraday's constant (96,485 Cmol -1 ), A is the area of electrode, k 0 is the standard reaction rate constant, α is the transfer coefficient taking as 0.5, and are the concentration of oxidized Ru(bpy) 3 3+ and reduced Ru(bpy) 3 2+ species, f = F/RT (38.92 V -11 , at 25 C). The potential difference of (E-E 0' ) = 140 mV. As the ECL images were all recorded at the first potential step within 400 ms, we took the initial time (t = 0) of this reaction without production of , and the oxidation current could be written as:
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is the initial concentration of Ru(bpy) 3 2+ . On the basis of the fitted linear equation, the heterogeneous electron transfer rate constant k 0 at gold nanoplates was calculated as 0.02cm/s. 
Stability of nanoplate morphology in ECL measurements
To evaluate the stability of gold nanoplates under excitation potential, bright-field images were taken before and after ECL measurements with 10 times excitation under 1.2 V vs. Ag/AgCl. As is shown in Figure S5 , no dramatic morphological changes at gold nanoplates were observed, indicating that the decrease of ECL intensity after several potential steps was ascribed to the surface oxidation instead of anodic dissolution of gold in solution containing chloride ions. 6 Figure S5 . Bright-field images of the gold nanoplates before(a) and after (b) ten potentials steps to 1.2 V vs. Ag/AgCl.
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6. Details for digital simulation COMSOL Multiphysics 5.3a was employed to determine reaction rate and concentration profiles of different Ru ion species with three-dimensional finite element modeling.
Physical field. "Transport of Diluted Species" physical field was used for simulating ECL reactions. In the physical field, time-dependent study on transport of diluted species was used to simulate the concentration around the gold microelectrodes. The inflow of the pristine substances to the electrode and the outflow of the products to the bulk solution were described below.
Procedure. The redox reaction of Ru(bpy) 3 2+ /Ru(bpy) 3 3+ is a typical one-step, one-electron process. The currentpotential characteristic could be described with Butler-Volmer (B-V) formalism. In numerical simulation, the transition conditions of redox species were follow the Fick's Second law.
(5)
Where and are the concentration of oxidized and reduced species, and they are the function of time and heterogeneous reaction rate k. , are diffusion coefficient for the oxidized and reduced species and are taken as 1×10 -5 cm 2 /s for all the species in the whole simulation.
The potential pulses are set at 0 V and 1.2 V with 400 ms time interval (2.5 Hz). At potential of 1.2 V vs. Ag/AgCl, 12 reactions could be involved in the ECL response (Table S1 ). Meshes setting. The mesh setting was extremely fine. The minimum element size is 5×10 -9 m of the gold plates. Simulation results. We tried to change the parameters in COMSOL simulation and it was found out that the lifetime of the excited Ru(bpy) 3 2+* had great impact on its concentration profile. We varied the decay rate of Ru(bpy) 3 2+* to 10 4 s -1 in 3D COMSOL simulation. Simulated ECL profile shows gradient with flat facets > perimeter on both triangle and hexagon gold plates ( Figure S7 ). On the other hand, with 10 10 s -1 decay rate, the ECL distribution is the opposite ( Figure   S8 ). With longer lifetime, the distribution of Ru(bpy) 3 2+* is greatly influenced by the edge dominated flux. Therefore, although more excited species are generated at the edges, the higher flux could result in lower concentration.
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